Objective-To study the association between socioeconomic deprivation and childhood obesity. Design-Cross sectional study. Results-Plymouth had a rate of childhood obesity two and half times that expected nationally (5% v 2%). The obesity prevalence increased with age, being almost double in the oldest age quarter (boys 6.2%; girls 7.0%), compared with the youngest age quarter. Within Plymouth, there was a significant trend for higher rates of obesity related to increasing deprivation in both boys (p=0.017) and girls (p=0.018). The odds ratio (OR) for childhood obesity (highest-lowest quarter of Townsend scores) had borderline significance in boys (OR 1.29, 95% confidence intervals (CI) 1.00 to 1.65, p=0.049) but was larger and more significant in the girls (OR 1.39, 95% CI 1.08 to 1.80, p=0.011). Unlike boys, the association between obesity in girls and Townsend scores became stronger with age such that in the oldest age quarter (over 11.7 years), girls in the highest quarter of Townsend scores were nearly twice as likely be obese, as compared with the lowest quarter (OR 1.95, 95% CI 1.23 to 3.08, p=0.005). State of pubertal development could not be accounted for as this information was not available. Conclusions-This study provides evidence for an association between deprivation and childhood obesity in this English population. The health of children from deprived households is aVected by a number of adverse influences. The high prevalence of obesity in these children is yet another factor that could predispose to greater morbidity in adult life.
Obesity is rapidly becoming one of the most important medical and public health problems of our times. Its role as a health hazard in adults has been well recognised for some time 1 but in the past little attention has been paid to childhood obesity. However, a dramatic increase in its prevalence in developed countries, over a relatively brief time period, 2 3 as well as a growing body of evidence of its short-term and long term consequences, [4] [5] [6] has brought this condition into sharper focus. Several studies have investigated the various social, biological and environmental determinants of child obesity. [7] [8] [9] [10] One such determinant is socioeconomic status.
Despite popular perceptions and several plausible mechanisms, the relation between socioeconomic deprivation and childhood obesity remains unproven and contradictory. 2 11-18 Plymouth, a relatively deprived part of the UK (ranked 338 of 366 local authorities on the Department of Environment's Index of Local Conditions), 19 also has considerable socioeconomic variations within the city by virtue of having some of the most deprived and aZuent electoral wards nationally. 20 It therefore provides an ideal setting for studying the association between deprivation and obesity. We have used a dataset of height and weight measurements of all primary school children in Plymouth (n = 20 973) to examine the association between obesity (body mass index above 98th centile) and socioeconomic deprivation (Townsend scores at the level of enumeration district).
Methods

SAMPLE POPULATION AND METHODOLOGY
From 1994 to 1996, the school nursing service in Plymouth weighed and measured all primary school children aged 5-11 years, as part of a growth study coordinated by the local Department of Child Health. The purpose of the study was to determine the feasibility of routine growth surveillance in detecting unsuspected growth problems in childhood. The measurements were carried out at the ages of 5, 7, 9 and 11 years and totalled 25 264. Some children were measured more than once and some early in secondary school. All the school nurses were trained over two days at the start of the study; any new nurses joining later were trained subsequently. All measurements were carried out in vests and pants. Height was measured to the nearest 0.1 cm using a portable self calibrating Raven minimeter (Raven Equipment Limited, Essex, UK). The accuracy of the instrument was checked with a calibrated rule both before and after each measuring session. The feet were placed together with heels, buttocks and shoulder blades against the wall and head in Frankfurt plane with anthropometric square. The head was unstretched and the child was encouraged to relax the shoulders and breathe normally. Timing of the measurements was in the mornings or early afternoons. An average of three readings was taken. Weight was measured once with electronic Seca scales (Seca, Birmingham, UK) to the nearest 0.1 kg. The information was recorded on to the Plymouth Hospital NHS Trust's Child Health Computer System.
MEASURES
Body mass index
The recordings for heights and weights were used to calculate the Quetelet Body Mass Index defined by the formula y = w/h 2 , where w and h are the individual's weight (in kg) and height (in m) respectively. 21 22 The BMI in childhood varies with age and between sexes and therefore cannot be compared directly. The results were therefore standardised to the British reference population using an excel macro provided by the Child Growth Foundation (UK). 23 This macro uses the same data as that used to produce the reference BMI curves for the British children, to provide the BMI z scores and centiles. 21 The Townsend score 24 The Townsend Material Deprivation Score uses four Census variables to assess the following: general lack of material resources and insecurity (unemployment); material living conditions (overcrowding); wealth (owner occupation is used as proxy indicator); and income (car ownership is used as a proxy indicator). For the purposes of this study, Townsend scores were calculated, from 1991 census data, at enumeration district level (approximately 150 households) and standardised to the Devon County population. Enumeration district level Townsend scores were available for all but 63 children; ward level scores were used for these children instead. Townsend scores tend to range from −12 (least deprived) to +12 (most deprived), although in certain circumstances they can lie outside this range.
Age
Age was calculated to the precise day by subtracting the date of birth from the date of examination.
STATISTICAL ANALYSIS
Data were analysed using the STATA software version 5. The BMI centiles were treated as a binary variable (presence or absence of obesity) and the presence of obesity was considered as the main outcome. To study the eVect of deprivation, the main explanatory variable (Townsend score) was divided into four equal categories-quarters of Townsend score. Age was treated as both categorical (quarters of age) and a continuous variable. Logistic regression modelling was used to calculate the odds ratios and confidence intervals, as well as to test for presence of a trend. Univariate analysis was followed by the introduction of an age variable in the model. Finally interaction terms were introduced between the age and the Townsend score variables.
Results
THE DATASET
The original dataset contained the heights of 25 264 and weights of 25 222 children. Of these 25 047 were matched records (where system numbers matched). Some 24 583 (98%) records from the above, also had valid postcodes. Some of these were multiple records on the same children; first observations were kept and the subsequent ones were dropped. There were finally 20 980 complete single records. Of these, seven observations for BMI z scores were considered to be implausible (more or less than seven standard deviations (SD)). Analysis was carried out with and without these seven observations, without any significant diVerence in the results; however the normality of the distribution of the BMI z scores was significantly aVected by the inclusion of these values. The results presented below are therefore, for 20 973 records.
DISTRIBUTION OF THE VARIABLES
Age
The median age of the children was 8.8 years (range = 5.1 to 14.6). The age quarters had means (ranges) in years as follows: 6.4 (5.1 to 7.1); 8.1 (7.2 to 8.9); 9.7 (9.0 to 11.7); 12.2 (11.8 to 14.6).
Sex
There were 10 693 boys (51%) and 10 280 girls (49%).
BMI
The BMI z scores were normally distributed with mean = 0.17 (SD=1.08).
Townsend scores
The mean Townsend score by enumeration district was 1.23 (SD=3.94). The Townsend score quarters had means (ranges) as follows: −3.3 (−5.4 to −2.1); −0.7 (−2.0 to +0.6); 2.3 (0.7 to 4.2); 6.7 (4.3 to 12.4).
DISTRIBUTION OF OBESE CHILDREN
Overall, there were 1046 obese children (5.0%). There was no significant diVerence in the overall prevalence of obesity between the KEY POINTS x The problem of childhood obesity in the UK may be growing, as suggested by this study. x Socioeconomic deprivation seems to be an important determinant of obesity in childhood. x Appropriate measures to safeguard the health of poorer children, from this additional emerging problem, need to be considered.
two sexes (boys 5.2%, girls 4.8%; 2 test p=0.2). In both sexes, there was a significant trend for higher levels of obesity with age (p<0.001), the eVect becoming almost double in the oldest age group, as compared with the youngest (table 1). The prevalence of obesity also increased with increasing Townsend scores, in both boys and girls (table 2) .
UNIVARIATE ANALYSIS
On logistic regression, the crude odds ratio for obesity in the highest quarter of Townsend scores when compared with the lowest quarter was 1.29 (95% CI 1.01 to 1.67, p=0.041) for boys and 1.39 (95% CI 1.08 to 1.79, p=0.011) for girls. Age was also found to be an independent risk factor for obesity with the odds ratio for oldest to youngest age quarter being 1.64 for boys (95% CI 1.28 to 2.11, p<0.001) and 2.17 for girls (95% CI 1.67 to 2.83, p<0.001).
MULTIVARIATE ANALYSIS
On using multiple logistic regression, the relation between obesity and Townsend scores was not confounded by age. The age adjusted odds ratio for obesity between the highest and lowest quarter of Townsend score for both boys (OR=1.29, 95% CI 1.00 to 1.65, p=0.049) and girls (OR=1.39, 95% CI 1.08 to 1.80, p=0.011) was similar to the corresponding crude odds ratio (table 3). In both boys (p=0.017) and girls (p=0.018), there was a significant trend test for increasing obesity with increasing deprivation scores. On introducing the interaction terms in the model, there was a significant interaction between Townsend score and age in the girls (p=0.029) but not the boys (p=0.138). On examining this further, the association between obesity and deprivation was found to be significant only in the oldest age group of girls (11.7 to 14.6 years) with the odds ratio of the highest quarter as compared with the youngest being 1.95 (95% CI 1.23 to 3.08, p=0.005), see table 4 .
Discussion
The results demonstrate a strong positive association between childhood obesity and socioeconomic deprivation. Plymouth, a relatively deprived part of UK had prevalent rates of obesity two and half times that expected nationally (5% v 2%). Within Plymouth, rates of childhood obesity were 29% (boys) to 39% (girls) higher in the poorest fourth of the city as compared with the richest fourth. Although some studies have previously reported this association, [12] [13] [14] others have either failed to confirm it, 2 15 shown very modest eVects 2 16 17 or even found a negative association. 18 A comprehensive literature review was similarly inconclusive. 11 One possible reason why we have been able to demonstrate this association so convincingly is the setting of the study. Plymouth is not only deprived but also has huge socioeconomic variations. The size and nature of the dataset was also an advantage as it included more than 95% of the primary school age population of the city (limiting the eVect of chance) with limited ethnic variability (therefore limiting bias), being an almost entirely white population (98.8%). 19 Although only state schools were included in the study, the potential bias associated with omitting private schools would be in the direction of underestimating the influence of material deprivation on the outcome. 
MEASUREMENT OF OBESITY
The other possible explanations for diVerences in the results of various studies lie around methodological issues. The biggest variations are in the measurement and classification of obesity. Although skinfold thickness is useful in clinical settings, BMI (weight/height 2 ) is now becoming the measure of choice for public health purposes because of its reasonable reliability and validity and also its ease and comfort. 22 25 26 Although there seems to be a consensus developing around the use of BMI as the measurement tool of choice, there is less consensus about the cut oV value to define obesity. Previous studies have used cut oVs between 75th to 98th centile without any convincing scientific basis. We have opted for the 98th centile primarily for reasons of consistency-this is the suggested cut oV for obesity in the UK growth charts, which we have used to calculate our centiles. 21 We argue a sound theoretical basis for this choice. There is significant evidence to suggest that most obese children do not become obese adults. However, a larger proportion of obese adults were obese as children and there is an exponential relation between the severity of obesity in childhood and chances of obesity in adulthood. [27] [28] [29] Hence using a cut oV like the 98th centile increases the chances of selecting a population of children most likely to end up as obese adults and suVer the adverse consequences of obesity.
MEASUREMENT OF DEPRIVATION
The other issue is around the measurement and classification of socioeconomic deprivation. Previous studies have used indicators such as maternal education, single parent families or father's social class. We have used the Townsend material deprivation score that has been used extensively by researchers in the UK. The main disadvantage of using this score is the problem of "ecological fallacy", as the data were not collected at individual level and may not accurately reflect the socioeconomic status of the child. However, we have tried to limit the eVect of this fallacy by using Townsend scores at enumeration district level, which represents approximately 150 households. There is, however, an argument in favour of using area-based measures in studies looking at health eVects of socioeconomic position by virtue of the inclusion of the contextual eVects of residing in poor neighbourhoods 30 such as access to cheap and healthy food options and sporting facilities. 31 
WIDENING SOCIAL DIFFERENCES IN OBESITY DURING ADOLESCENCE
An important finding of the study is the strongest association in the girls in the oldest age quarter (over 11.7 years). It was not possible to control the results of this association for pubertal status in girls of this age, as the data were not available. Absence of information on pubertal status makes it very diYcult to interpret growth changes during adolescence. However, prima facie, controlling for pubertal status would have strengthened the association, based on studies that have shown a positive association between early pubertal onset and increased body mass index 28 32 as well as an early onset of puberty in children from higher social classes. 33 However, more recent studies have not found a social class diVerential in pubertal onset in developed countries, 32 34 possibly because of better nutrition. These results reflect the results of some of the previous studies that have shown that social diVerences for obesity heighten during adolescence. 14 34 35 This would also explain the gender diVerence in the results; a larger proportion of boys in this cohort being pre-pubertal as compared with the girls.
WHY ARE POORER CHILDREN FATTER?
Some studies, largely in adults, have tried to understand the reasons for secular trend in obesity, especially in the poorer classes. A population shift towards positive energy balance because of concurrent consumption of calorie dense food and decline in physical activity is implicated.
2 This is likely to be more prominent in lower socioeconomic groups where limited finances force the poor to buy more eYciently. These eYciencies often lead to the purchase of foods richer in energy (high in fat and sugar) to satisfy hunger; which are much cheaper per unit of energy than less fattening foods (like fruits and vegetables). 31 There is some evidence for decreased physical exercise in poorer people. 10 Behavioural studies also suggest that adolescent girls in higher socioeconomic groups tend to be more image conscious and are therefore more likely to put in greater eVorts in terms of dietary restraint and physical exercise. 11 27 Gender diVerences in dieting 27 and greater amount of physical exercise 10 could contribute to the observed weaker association in boys.
IMPLICATIONS OF THE FINDINGS
This study highlights the growing problem of childhood obesity, especially in deprived populations. Evidence from other studies suggests that children from poorer households are also more likely to grow into severely obese adults. 35 There is evidence that children from poorer households are more likely to have other risk factors adverse to health leading to greater overall morbidity and mortality in adulthood. 6 Suitable interventions promoting healthy eating and physical activity from the early school years onward, need to be considered. Such interventions must be directed at lower socioeconomic groups and be relevant to them. Most importantly, these will have to be accompanied by appropriate policy measures that enable the underprivileged to access cheap and nutritious foods.
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